The experimental investigations aimed to determine the optimal conditions for the process of zinc removal from thermal waters with the PUROLITE S920 ion exchange resin. It was determined the residual zinc concentration dependence on the amount of ion exchanger at different initial zinc concentrations in solution and different stirring times. The optimum conditions for achieving a residual concentration below 1 mg/L are: ion exchange rate 1.6 g/L, stirring time about 45 min. The PUROLITE S920 ion exchanger can be successfully used to remove very small amounts of zinc ions from the solution
Zinc is one of the most essential biometals. In nature, it is involved in multiple biological processes from protein biosynthesis, cell proliferation, to defense against free radical [1] [2] [3] [4] [5] [6] [7] [8] [9] . It participates in metabolism of lipids, proteins and carbohydrates. Zinc acts as a key structural component in many proteins; thereby it binds with nucleic acids with beneficial effect on active transport or transcription. Zinc plays metabolic functions as a co-enzymatic or activator of about 300 enzymes.
Zinc is an essential trace element for the human organism. It acts like cofactor for the metalloenzymes involved in many cellular processes.
Approximately 30% of zinc (Zn) in the diet is absorbed in the small intestine [1] . Of the absorbed Zn, 80% and 20% are bound to blood albumin and a 2-macroglobulin, respectively [2, 3] . However, this protein-bound Zn comprises only 0.1% of the total body Zn, indicating that only this amount is replenished daily [4] . This serum Zn is delivered and stored in peripheral tissues including skeletal muscle (60%), bones (30%), liver (5%), and skin (5%) [5] . Thus, the skin is the third among tissues with the most abundance of Zn in the body.
In the human skin, Zn localizes more in the epidermis than in the dermis [6, 7] . The Zn concentration is 60 mg/g in the epidermis and 40 mg/g in the dermis [6] . The human epidermis consists of four layers (basal layer, stratum spinosum, stratum granulosum, and stratum corneum) that are categorized in accordance with the degree of differentiation and keratinization. Although the differential distribution of Zn in these four layers may be a clue to understand the functions of Zn in keratinocytes (KCs). Metallothioneins (MTs) are localized in actively dividing cells such as epidermal basal layer KCs, outer hair roots, and hair matrix in healthy human skin [8] . MTs are localized in the cytoplasm and have a characteristic aminoacid composition with cysteine-rich residues, allowing them to bind to heavy metals including Zn. Thereby, MTs contribute to the storage of Zn and are associated with an increased Zn concentration in tissues [9] .
Zn deficiency is organized into two categories: acquired and inherited. The latter is known as acrodermatitis enteropathica (AE). Acquired Zn deficiency occasionally develops in individuals with malabsorption syndrome, total parenteral nutrition, chronic liver or renal dysfunction, or malignancy. Additionally, a low dietary intake of Zn is estimated to affect 17% of the world's population, especially in developing countries. Even in developed countries, some populations such as vegetarians, alcoholics, pregnant women, infants, and the elderly, are at risk of Zn deûciency [10] [11] [12] [13] [14] .
Experimental part
The initial zinc concentration present in thermal waters for cosmetic use was determined by atomic absorption spectrophotometr y using a VARIAN SpectrAA110 spectrophotometer [15] [16] [17] .
The experimental investigations aimed to determine the optimal conditions for the process of zinc removal from thermal waters with the PUROLITE S920 ion exchange resin [17] [18] [19] [20] [21] In a laboratory vessel was added 25 mL thermal water with zinc concentration determined in accordance with table 1 to which a certain amount of exchange ion was Table 1 INITIAL ZINC CONCENTRATION added. The samples so prepared were subjected to stirring well-defined time period in a MTA Kutesz Type 609/A shaker. After that, the residual zinc concentration was determined by atomic absorption spectroscopy using a Varian Spectr AA110 spectrophotometer.
Results and discussions
Experimental data to determine the residual zinc concentration dependence on the amount of ion exchanger at different initial zinc concentrations in solution and different stirring times are shown in tables 3 to 6.
Conclusions
From the experimental data, the residual concentration of zinc in solutions decreases as the amount of ion exchanger increases for the same volume of solution and the same stirring time.
With the same amount of ion exchanger, the zinc residual concentration in the solution decreases with increasing stirring time for all concentrations of the initial solutions.
Based on the experimental data, the optimal conditions of the zinc elimination process with the PUROLITE S920 ion exchanger were determined. Regardless of the initial concentration of zinc in solutions, the optimum conditions for achieving a residual concentration below 1 mg/L are: ion exchange rate 1.6 g/L, stirring time about 45 min.
The PUROLITE S920 ion exchanger can be successfully used to remove very small amounts of zinc ions from the solution 
